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classification. It may enable the planning of a more suitable 
technique before proceeding to autopsy, including focusing 
on certain aspects of organ pathology otherwise not detect-
able. The association between PMMR, post-mortem exami-
nation and related histological study of the foetus–placenta 
unit could help reduce the percentage of cases in which the 
cause of foetal death remains unexplained. Lastly, it may 
allow a selective sampling of the organ in order to target 
histological investigations.
Keywords Post-mortem magnetic resonance · Foetal and 
perinatal autopsy · Histological examination
Introduction
Multislice computed tomography (MSCT) and magnetic 
resonance imaging (MRI) are being increasingly imple-
mented in forensic pathology. Despite its clinical utility, 
the use of magnetic resonance imaging is not widespread 
among the pathology community [1]. In this regard, by 
analysing 57 forensic cases by neuroimaging techniques 
such as MSCT and MRI and comparing the results with 
autopsy findings, it was observed that abrasions, contusions 
and lacerations of the scalp were detected by MRI rather 
than CT [2]. Recently, MSCT has proved very useful in dif-
ferentiating between stillbirths and live births [3]. MRI and 
MSCT were superior to autopsy in the evaluation of ven-
tricular haemorrhage, as well as the identification of lacera-
tions in brain tissue and brainstem injuries [4].
These technical characteristics have resulted in the pro-
gressive use of post-mortem magnetic resonance (PMMR) 
in intrauterine foetal death of forensic interest. Foetal 
death is a tragic outcome of pregnancy, aggravated by the 
intense emotional involvement of the mother and the whole 
Abstract The aim of the present study is to offer our 
experience concerning post-mortem magnetic resonance 
(PMMR) in foetal death cases and an evaluation of the dif-
ferences between the findings acquired by PMMR and by 
forensic autopsy. Fifteen foetuses were recruited from July 
2014 to December 2015. These had suffered intrauterine 
death in women in the 21st to 38th week of gestation who 
were treated in the emergency department for non-percep-
tion of foetal movements. We performed a PMMR on foe-
tuses, 3 ± 1 days on average from the time of death, and 
then a complete forensic autopsy was performed. All 15 
foetuses were examined with a whole-body study protocol, 
starting from the skull, down to and including the lower 
limbs. The total time of examination ranged from 20 to 
30 min in each case. The external evaluation and descrip-
tion of post-mortem phenomena (maceration), record of 
the weight and detection and the various measurements of 
foetal diameters were evaluated before performing autopsy. 
A complete histopathological study was performed in each 
case. Out of 15 cases examined, eight were negative for 
structural anatomical abnormalities and/or diseases, both in 
the preliminary radiological examination and the traditional 
autopsy. In the remaining seven cases, pathological find-
ings were detected by PMMR with corresponding results 
at autopsy. PMMR can provide useful information on foe-
tal medical conditions and result in improved diagnostic 
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family [5–8]. The accurate determination of cause of death 
is clearly of the utmost importance. Post-mortem exami-
nation is able to furnish clinically significant information 
in 14–46 % of stillbirth and perinatal cases [9]. Cause of 
death remains unexplained between 9 and 71 % of cases, 
depending on the quality of information available and on 
the chosen classification system of stillbirths. Usually, sys-
tems capable of detailing as much information as possible 
are related to the lower percentage of unexplained death 
[10]. However, because of the complicated patho-physi-
ological processes involving mother, foetus and placenta, 
and the fact that stillbirths often result from the interaction 
of different processes, univocal classifications of stillbirths 
are often difficult to assess [11].
Up to 35 classification systems have been developed to 
define stillbirth and there is no international consensus on 
which should be used [12]. In these cases, PMMR can pro-
vide useful information on foetal medical conditions and 
result in improved diagnostic classification. It may enable 
the planning of a more suitable technique before proceed-
ing to autopsy, including focusing on certain aspects of 
organ pathology otherwise not detectable. Lastly, it may 
allow a selective sampling of the organ in order to target 
histological investigations [13].
The aim of the present study is to offer our experience 
concerning PMMR in foetal death cases and an evaluation 
of the differences between the findings acquired by PMMR 
and by forensic autopsy in 15 foetal deaths [14–23].
Materials and methods
Population and study design
Fifteen foetuses were recruited from July 2014 to Decem-
ber 2015. These had suffered intrauterine death in women 
in the 21st to 38th week of gestation who were treated in the 
emergency department for non-perception of foetal move-
ments. We performed a PMMR on foetuses, 3 ± 1 days 
on average from the time of death, and then a complete 
forensic autopsy was performed. The two separate special-
ized approaches were double-blind tested in order to avoid 
a possible influence on the results. Clinical and instru-
mental data relating to the pregnant woman and the foetus 
were collected. Age, weight and height of the mother were 
recorded, and the most relevant obstetrical–gynaecological 
and underlying diseases were analysed. Descriptive statistic 
was performed. Clinical data are reported in Table 1.
MR imaging: protocol and images’ analysis
All 15 foetuses were studied with a PMMR examination 
using a magnet operating at 1.5 Tesla (Siemens Avanto, 
Siemens Medical Solutions, Enlargen, Germany), at the 
Department of Radiological Sciences, Oncology and 
Pathology of the ‘Sapienza’ University of Rome. The 
PMMR examinations were performed in a chronological 
span on average 3 ± 1 days from the time of death, prior 
to the post-mortem examination. The protocol of image 
acquisition is shown in Table 2. The foetuses were exam-
ined with a whole-body study protocol, starting from the 
skull, down to and including the lower limbs (Fig. 1). The 
total time of examination ranged from 20 to 30 min in each 
case. MR images were analysed by two expert radiologists 
who were blinded with respect to the post-mortem report 
and clinical data. Each radiologist reported the PMMR 
findings independently on a Microsoft Access database. 
The images were analysed in order to report any morpho-
logical abnormalities and/or pathological changes in the 
organs and systems examined. We excluded from the anal-
yses post-mortem phenomena such as small bleeding with-
out ventricular dilation, collapse of eyeballs, small amounts 
of pleural effusion, and small amounts of air in the pericar-
dial or peritoneal cavities and in the bile ducts.  
Post‑mortem examination
The external evaluation and description of post-mortem 
phenomena (maceration), record of the weight and detec-
tion and the various measurements of foetal diameters 
(head, thoracic and abdominal circumferences, foot and 
femoral lengths) were evaluated before performing autopsy. 
The Rokitansky method was used to perform an autopsy 
before proceeding to the formalin fixation of organs in 
order to highlight fine anatomic structures more easily and 
to avoid any artefacts due to the pathology evaluation [24, 
25].
Results
Out of 15 cases examined, eight were negative for struc-
tural anatomical abnormalities and/or diseases, both in 
the preliminary PMMR examination and the traditional 
autopsy. In the remaining seven cases, pathological find-
ings were detected by PMMR with corresponding results 
at autopsy.
PMMR was particularly useful in the abnormalities of 
the central nervous system (CNS), that is one of the most 
difficult areas to investigate at autopsy, as the neonatal brain 
generally collapses once it is removed from the skull, with 
consequent loss of its structure. Otherwise PMMR, hav-
ing the capability to evaluate CNS in situ, allowed for an 
accurate evaluation of the anatomy of the brain, and clearly 
showed normal cerebral structure and the development of 
the sulci and gyri. Furthermore, PMMR permitted to detect 
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also small amounts of cerebral haemorrhage thanks to its 
capability to differentiate various tissue contrasts with T1- 
and T2-weighted sequences. Otherwise, the evaluation of 
the lungs and of the cardiac anatomy was more difficult.
Lung imaging was difficult with PMMR because lung 
parenchymas are mostly collapsed and not contain air in 
stillborns, for the lack of the foetal first breath. Collapsed 
appearance of both lungs hampered, for example an accu-
rate evaluation of eventual pneumonia or other infectious 
processes. However, PMMR of the lungs allowed the 
diagnosis of major structural lesions, as for example in the 
case with diaphragmatic hernia, and permitted the evalua-
tion of normal anatomical structures appearance.
Furthermore, foetal cardiac structures should need 
additional dedicated imaging planes and thinner slices to 
increase sensitivity for the detection of eventual cardiac 
abnormalities and for example of infectious diseases such 
as myocarditis or small atrial or ventricular septal defects.
Pathological findings are reported in Table 3. The com-
parative findings are shown in Figs. 2, 3, 4 and 5.
Table 2  Sequences used for 
postmortem foetal magnetic 
resonance study
TR relaxation time, TI inversion time, IR inversion recovery, mm millimetres, ms milliseconds, SPIR spec-
tral presaturation with inversion recovery, FLAIR fluid attenuated inversion recovery
Sequences Slice thickness (mm) TR (ms) TI (ms) TE (ms) IR delay (ms)
Body Imaging
 Coronal T2 2 2969 100
 Coronal T2 SPIR 2 3155 100
 Coronal T1 IR 2 7000 600 15 600
 Axial T2 2 4000 80
 Axial T2 SPIR 2 3341 60
 Axial T1 IR 2 7000 600 15 600
 Sagittal T2 2 2969 100
Brain imaging
 Axial T2 2 5531 50
 Axial FLAIR 2 12,000 2850 140 2850
 Axial T1 IR 2 7000 600 15 600
Fig. 1  Post-mortem foetal 
MRI: general view. TSE 
T2-weighted image showed the 
normal positioning of foetal 
organs: Ed: right brain, Es: left 
brain, Pd right lung, Ps left 
lung, C heart, F liver, S stom-
ach, Ca ascending colon, Cd 
descending colon, i small intes-
tine, Arrows pleural effusion
Radiol med 
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Discussion
This study presents our experience regarding the role of 
PMMR in intrauterine foetus death in order to evaluate 
diagnostic strengths and forensic utility. However, we must 
be very cautious in the interpretation of PMMR imaging 
because we may run the risk of interpreting changes linked 
to post-mortem phenomena such as diseases of the foetus 
or newborn [26].
However, PMMR provided detailed information about 
structural abnormalities and foetus disease processes. 
Therefore, it was able to offer diagnostic indications com-
parable to those obtainable with conventional autopsy. In 
particular, a full correspondence in negative cases and a 
substantial correspondence in positive cases were found.
The gold standard for the diagnosis of foetal death 
is known to be the autopsy examination [27–29]. The 
World Health Organization (WHO) has recommended 
Fig. 2  Case 1—small intraparenchymal blood in very small foetus in the grip of maceration
Fig. 3  Case 2—a, b diaphrag-
matic hernia with visceral 
dislocation
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Fig. 4  a, b PMMR: intraparen-
chymal cerebellar haemorrhage 
and blood in the occipital 
horns of both lateral ventri-
cles. c Gross photographs. d 
Subarachnoid haemorrhage of 
the cerebellum histologically 
confirmed
Fig. 5  Case 4—left cystic formation confirmed histologically (cystic renal dysplasia). a, b PMMR and macroscopic accordance about cystic 
cavities. c Cystic cavity surrounded by poorly developed renal parenchyma
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the classification of foetal deaths on the basis of the dura-
tion of gestation into early (<20 weeks), intermediate 
(20–28 weeks) and late (>28 weeks) [30]. Several causes 
of foetal death were considered [31, 32], but the most fre-
quent causes were grouped into three types of disease [33]: 
maternal [34] (hypertensive disorders, diabetes, obesity, 
antiphospholipid syndrome, vascular disease, etc.), pla-
cental [35] (untimely detachment of normally inserted 
placenta, placental infarction, chorioamnionitis, etc.) and 
foetal [36] (chromosomal abnormalities, genetic malforma-
tions, infectious, etc.). Foetal deaths with an unexplained 
cause were classified as sudden intrauterine unexplained 
death (SIUD) [37]. An autopsy and the histological exami-
nation of the foetus and placenta, sometimes accompanied 
by standard X-rays, have until recent time been the gold 
standard for the diagnosis of foetal death.
On 22nd November 2014, however, the Italian Ministry 
of Health approved a diagnostic protocol on foetus death, 
which considers not only autopsy but also other non-con-
ventional investigations such as PMCT and genetic, cytoge-
netic, infectious disease tests and toxicological investiga-
tions [38]. Currently a number of post-mortem imaging 
techniques are available to pathologists who need to man-
age depending on the specific case. PMCT, MicroCT or 
PMCTA may be feasible although it is likely that these tech-
niques will be performed within already established services 
thanks to the involvement of all the specialists concerned: 
neonatologists, geneticists, obstetricians, and radiologists. 
For example, foetal skeletal CT can improve diagnostic 
skills in suspected constitutional bone disease [39]. Again, 
feasibility of PMCTA in evaluating the foetal heart is dis-
cussed by comparing the results of two access techniques: 
injection through the umbilical cord or ultrasound-guided 
needle injection directly into the heart [40–42].
We believe that in foetal death cases PMMR could be 
a useful tool to provide more details on brain diseases 
with respect to conventional autopsy [43, 44]. Further-
more, it is more effective in identifying intraparenchymal 
blood components due to the alteration of signals com-
pared to surrounding healthy brain tissue, this event being 
very frequent in foetuses or very infrequent in the case of 
maceration.
With regard to mediastinal structures [45], PMMR inves-
tigation is reliable with particular reference to the abnormal 
position of the organs and of the heart chambers, although 
for greater definition of some cardiac abnormalities (such 
as atrial septal defect or ventricular septal defect) dedicated 
sequences relating to the heart are required [46, 47]. In the 
literature, a recent study has shown that 3D post-mortem 
cardiovascular magnetic resonance (CMR) imaging can 
provide equivalent structural information to that of conven-
tional autopsy in the majority of larger foetuses, newborns, 
and children [48].
In order to investigate the lungs, PMMR proves not to 
be fully reliable because of the air component of the lung 
parenchyma, but it still enables the distinction between 
pleural effusion from post-mortem phenomena through the 
use of T2-weighted sequences that signal static liquid.
For the abdominal area, PMMR is a reliable examina-
tion in the case of anomalies and/or severe abdominal dis-
eases and allows better classification of the disease even if 
unspecified [49].
Certainly, to introduce PMMR as a routine examination 
in forensic services, in selected cases of judicial interest, it 
makes it necessary to verify that PMMR will be performed 
within established centres in terms of specialized and pluri-
disciplinary competences [50]. However, PMMR could be 
a valid and valuable preliminary test with respect to tradi-
tional post-mortem examination, although some questions 
remain unanswered.
PMMR, however, does not completely replace conven-
tional radiology. Arthurs et al. suggest that “Post-mortem 
skeletal survey (PMSS) remains indicated for cases in 
which an abnormality is suspected from the antenatal 
findings, or clinical indication, both to exclude as well as 
include potential specific features from the clinical history 
or initial external examination” [51].
However, as an example, we know that PMMR has a 
high negative predictive value (NPV), but that sensitivity is 
relatively poor and therefore the advice for the diagnosis 
of musculoskeletal (MSK) pathology in foetuses and new-
borns is to use PMMR in conjunction with conventional 
radiography to achieve 100 % diagnostic reliability [52].
A detailed overview of findings relating to foetal deaths 
is needed to provide a correct explanation to parents about 
the reason why their baby has died, whether they are 
exposed to an increased risk of similar events in future 
pregnancies and to clarify the pathogenetic mechanisms in 
order to develop prevention strategies [53].
It should, however, be said that PMMR involves a 
greater financial commitment than a standard X-ray exami-
nation and equipment is not always available in the forensic 
structures devoted to necropsy investigation.
Our study has limitations. First, we did not assess the 
economic aspects of PMMR with respect to conventional 
autopsy. Second, this study was done in a university hos-
pital where foetal autopsies are routinely performed, so the 
results might not be directly transferable to less specialist 
settings. Third, this study was based on a small number 
of cases so actually we are implementing the casistic data 
enrolling new cases.
In conclusion, in the immediate future the association 
between PMMR, post-mortem examination and related 
histological study of the foetus–placenta unit could help 
reduce the percentage of cases in which the cause of foe-
tal death remains unexplained [54–56]. The technique may 
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play a role in developing less invasive autopsy methods, 
particularly when parents do not consent to a full autopsy 
being performed, to give as much information as possible 
to prevent intrauterine foetal death and to help parents to 
be fully informed with regard to this dramatic event [12]. 
It is fundamental to highlight the utility of this approach 
that furnishes higher anatomical detail and analysis of 
pathological changes, to offer high-quality standards to the 
results of the report written by the pathologists and possible 
re-evaluations through a “second look” [57].
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